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Previews
along the A helix of YPD1 is positioned in the active siteHis-Asp Signal Transduction
acidic pocket of SLN1 (Figure 1).via a Monomeric Histidine Elucidation of the YPD1:SLN1 structure offers an op-
Phosphotransfer Protein portunity to compare strategies used by monomeric and
dimeric phosphotransfer modules in forming a produc-
tive complex with the receiver. Phosphotransfer involv-
ing a dimeric module is detailed in the previously solved
The cocrystal structure of the yeast YPD1 histidine crystal structure of the Spo0B:Spo0F His-Asp signaling
phosphotransfer domain in complex with its SLN1 pair from B. subtilis (Zaph et al., 2000). Although Spo0B
phosphodonor by Xu and coworkers (this issue of is part of a nontypical phosphorelay and does not pos-
Structure) reveals new insights into the mechanism of sess autokinase activity, its dimeric four-helical bundle
His-Asp signaling in hybrid phosphorelays. arrangement is structurally homologous to the HK core
and the cocrystal structure is likely to resemble a typical
A conserved mechanism of histidine-aspartate (His- HK core:receiver complex. In the structure, the dimeric
Asp) phosphorelay is found at the heart of signaling four-helix bundle of Spo0B packs against two symmetri-
circuits involved primarily in sensing and responding cally related Spo0F monomers such that the His resi-
to external stimuli in prokaryotes, archaebacteria, and dues midway along the helices insert into the active site
lower eukaryotes (reviewed in Stock et al., 2000). Signal of the Spo0F proteins.
transduction mediated via His-Asp phosphorelay has Comparison of the YPD1:SLN1 and Spo0B:Spo0F
also been termed two-component signaling, because complexes show that the receiver domain residues that
the most common systems are composed of a single participate in the interaction predominantly map to iden-
relay between a sensor kinase (or histidine kinase) pro- tical sequence elements of SLN1 and Spo0F, with amino
tein and a response regulator protein. In these typical acids from the 1 helix and 1-1, 3-3, 4-4, and
two-component systems, histidine phosphorylation oc-
5-5 loops interacting with YPD1 and Spo0B, respec-
curs via transautophosphorylation within a histidine ki- tively. Additionally, the pattern of hydrophobic and hy-
nase (HK) dimer core, followed by subsequent transfer
drophilic interactions are similar, suggesting that the
of the phosphoryl group to the conserved aspartate
receiver domain docking site recognized by the dimeric
residue in the receiver domain of the response regulator.
HK core is the same as that used by the monomeric
Among the more than 1000 currently identified His-
HPt.
Asp relays (Wolanin et al., 2002), a substantial subset are
In contrast, the docking sites of YPD1 and Spo0B are
part of multiple relays in which additional phosphodonor
quite different. YPD1 utilizes a surface formed by three
and phosphoacceptor sites intervene, either contigu-
of its four  helices, whereas Spo0B packs againstously on the histidine kinase and/or response regulator
Spo0F using primarily residues from one His-containingproteins or as separate proteins. The additional His-
helix (1), with additional contacts mediated by the 2containing phosphotransfer modules (HPt domains) in
helix of the second chain in the bundle and residues inthese multiple relays are typically monomeric and are
an associated C-terminal / domain that is presentstructurally distinct from the dimeric histidine kinase
in dimeric HKs but not monomeric HPt modules. Thecore. Previous structural studies have revealed a four-
resulting interface in the Spo0B:Spo0F complex is sig-helical bundle arrangement for both HK core and HPt
nificantly larger (roughly 1200 A˚2 compared to 953 A˚2 indomains; however, the dimeric HK core bundle exhibits
the YPD1:SLN1 complex). The reduced surface area ina parallel packing arrangement with two antiparallel heli-
the YPD1:SLN1 complex may be compensated by greaterces contributed from each monomer (Tomomori et al.,
complementarity between the two proteins, which results1998), while the monomeric HPt bundle exhibits up-
from an irregular curvature of the YPD1 helical bundle.down-up-down topology (Kato et al., 1997; Xu et al.,
Similarly kinked bundles have also been observed in the1999).
CheA and ArcB monomeric HPt structures (Zhou et al.,Because of the linearity of the phosphorelay, the HPt
1995; Kato et al., 1997).module first accepts the phosphoryl group from a re-
With many systems often operating in a single organ-ceiver module and then donates it to a second receiver.
ism (e.g., E. coli possesses roughly 30 different two-Unlike the HK core and HPt domains, which are structur-
component systems), specificity of the interaction be-ally distinct, all receiver domains characterized to date
tween cognate histidine kinase-response regulator pairspossess a doubly wound five-stranded  sheet structure
is an important issue. For the most part, cross-phos-surrounded by  helices (Stock et al., 2000). In the cur-
phorylation of histidine kinases and response regulatorsrent issue of Structure, the first cocrystal structure of
from different systems does not occur in vivo. However,a monomeric HPt domain (Saccharomyces cerevisiae
cross-phosphorylation can be readily demonstrated inYPD1) in complex with its upstream phosphodonor re-
vitro (albeit with reduced efficiency compared to phos-ceiver module (SLN1) is reported (Xu et al., 2003). Resi-
phorylation between cognate pairs), and most responsedues from three helices of the YPD1 four-helix bundle
regulators can catalyze phosphorylation of their Aspprovide the docking site for interaction with SLN1 such
that the conserved His residue protruding from midway residue with molecules as simple as NH2PO32 (Lukat et
Structure
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Figure 1. Comparison of HPt Response Reg-
ulator Cocrystal Structures
(A) A ribbon representation of the histidine-
containing phosphotransfer protein YPD1 from
S. cerevisiae is shown in the top panel (Xu
and West, 1999). The core of the protein is a
four-helix bundle with the site of phosphory-
lation, H64 (ball-and-stick), exposed to sol-
vent. The X-ray structure of YPD1 in complex
with the response regulator domain of SLN1
(bottom panel; a 90 rotation from view in top
panel) (Xu et al., 2003) highlights interactions
between the monomeric HPt protein (yellow)
and its cognate response regulator (cyan and
magenta).
(B) A ribbon representation of the dimeric HPt
protein Spo0B from B. subtilis is shown in the
top panel (Varughese et al., 1998). The four-
helix bundle of Spo0B is formed upon dimer-
ization of the N-terminal -helical hairpin
domain (orange). The four-helix bundle is
flanked by the C-terminal / domains (ma-
genta). The sites of phosphorylation, H30 in
each monomer, are shown in ball-and-stick.
The X-ray structure of Spo0B (orange and
magenta) in complex with the response regu-
lator Spo0F (green and blue) (Zapf et al., 2000) is shown in the bottom panel (a 90 rotation from view in top panel). Protein-protein interactions
observed between the four-helix bundle of Spo0B and Spo0F are similar to the YPD1/SLN1 complex. However, additional contacts are made
to Spo0F through the C-terminal / domain of Spo0B. Figure prepared by Stace Porter.
al., 1991). Thus, cognate pairs must possess specificity Carey D. Waldburger
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